Background: Fluorescence microscopy is a powerful tool to study the morphology and function of subcellular compartments or to determine the localization of proteins. The method is also regularly used for the analysis of parasitic protists including kinetoplastida.
Introduction
Mitochondria from parasitic protists have gained a lot of interest owing to peculiar properties such as RNA editing [1] , citric acid cycle alterations [2] , [3] , apoptotic markers [4] , or mitochondrial protein import machineries [5] . Consequently, it is often necessary to stain mitochondria and/or to confirm the subcellular localization of proteins. Direct fluorescence microscopy, using e.g. green fluorescent protein (GFP) [6] , and immunofluorescence microscopy (IM) are common methods of choice for these tasks [7] . IM requires (i) a specific primary antibody against the protein of interest and (ii) a reference signal for colocalization. Depending on whether direct or indirect IM is applied, either the target-specific primary antibody or an immunoglobulin class-specific secondary antibody has to be fluorescently labeled [7] . The reference signal is usually generated either by staining an established marker protein with a differently fluorescently labeled antibody, by GFP-tagging, or by a fluorescent dye that accumulates at defined subcellular structures [7] . For example, so-called MitoTracker dyes are commonly used to stain mitochondria [8] . Here, we (i) report autofluorescent subcellular structures in Leishmania tarentolae promastigotes, (ii) identify the mitochondrion as the source of the autofluorescence, (iii) determine the biophysical properties of the fluorophore in situ, and (iv) provide methodological recommendations for fluorescence microscopy that might be also relevant for other organisms.
Methods
Cell culture and fixation protocols L. tarentolae promastigotes (10 ml) were cultured in T-flasks in supplemented BHI medium according to standard protocols as previously described [5] , [9] . A thin layer of mid-log phase parasites was dropped on a microscope slide, dried and fixed for 15 min in one of the following solutions: (i) 100% acetone at 220uC, (ii) 20% (v/v) acetone, 80% (v/v) ethanol at 220uC, or (iii) 4% (w/v) paraformaldehyde (PFA) in phosphate buffered saline (PBS) at room temperature. Alternatively, live cell images were recorded after washing the cells three times in 1 ml PBS (1500 g, 15 min, room temperature). The exposure time for the detection of the green fluorescence was 500 ms for fixed and live cell images.
For MitoTracker staining, 5610 6 cells were centrifuged (1500 g, 15 min, room temperature), washed once with 1 ml PBS and resuspended in 1 ml BHI-medium containing 1 mM MitotrackerRed CM-H 2 XRos. Promastigotes were stained for 20 min on a shaker at 27uC, centrifuged and washed three times with PBS before fixation for 20 min with 4% (w/v) PFA in PBS on a shaker at room temperature. After two more washing steps with PBS, cells were centrifuged on cover slips (1500 g, 15 min), mounted on microscope slides using Mowiol medium and analyzed the next day using a Zeiss Axiovert 200 M and the software Axiovision.
Laser scanning microscopy PFA-fixed promastigotes were further analyzed by laser scanning microscopy at variable excitation wavelengths using a Zeiss LSM780 and the software ZEN 2010. Z-stacks were collected at Z increments of 0.41 mm and an excitation wavelength of 458 nm. The same excitation was used to record the emission spectra of whole cells, the cytosol, and the mitochondrion in situ.
Results and Discussion
Detection of autofluorescent structures in L. tarentolae
We recently established the kinetoplastid parasite L. tarentolae as a non-opisthokont model organism for the comprehensive analysis of protein import into all four mitochondrial compartments [5] . As a part of this work, we purified four peptide antibodies against different L. tarentolae marker proteins. Although these antibodies were well suited for western blot analyses [5] , they did not yield satisfactory results in IM studies, particularly because of similar fluorescent structures in unlabeled L. tarentolae promastigotes which served as negative controls. Noteworthy, the fluorescence of such distinct subcellular structures in the absence of antibodies (Fig. 1A) was not only seen by eye using a variety of cell fixation protocols ( Fig. 1B and Methods), but also without cell fixation (Fig. 1C) . Hence, the fluorescence was not caused by external chemicals, but is an intrinsic property of L. tarentolae. We subsequently checked different filter sets in order to narrow down the properties of the autofluorescence. Defined structures were detected with the Zeiss filter set 37 (GFP, excitation BP450/50, beam splitter FT480, emission BP510/50) in contrast to filter sets 49 (DAPI, excitation G365, beam splitter FT395, emission BP445/50) and 20 (rhodamine, excitation BP546/12, beam splitter FT560, emission BP575-640). The integrity of all filters was confirmed by a Zeiss employee. In summary, L. tarentolae promastigotes possess distinct autofluorescent structures that are detectable with common GFP filter sets.
Identification of the autofluorescent structures
The shape and distribution of the autofluorescent structures was highly similar to the variable morphology of the single L. tarentolae mitochondrion: In dividing promastigotes the mitochondrion has a rather symmetric and circular shape, whereas in non-dividing cells the mitochondrion becomes a single asymmetric tubule [10] . In order to confirm an autofluorescence of the L. tarentolae mitochondrion, we subsequently performed a colocalization experiment with a MitoTracker dye. A high degree of colocalization was observed between the autofluorescent signal, detected with the GFP filter set 37, and the MitoTracker signal, detected with the rhodamine filter set 20 (Fig. 2) . We therefore conclude that the autofluorescent signal derives from the L. tarentolae mitochondrion which can be visualized without prior staining. Please note that MitoTracker dyes are rather expensive and have a limited shelf life. Moreover, their uptake usually varies between individual cells (i.e. Fig. 2 ), whereas the autofluorescence is an intrinsic property of all cells and does not require expensive labels. In summary, mitochondrial autofluorescence provides an excellent reference signal for colocaliation studies in L. tarentolae promastigotes.
Further applications and instrumental settings
Next, we analyzed whether the autofluorescence can be also used for morphological studies of the single L. tarentolae mitochondrion. Furthermore, we compared different instruments and instrumental settings in order to determine the optimum experimental conditions for the detection of the autofluorescence. The morphology was studied on a LSM780 confocal laser scanning microscope using an excitation at 458 nm (Fig. 3) . Other excitation wavelengths did not result in defined autofluorescent subcellular structures in accordance with the filter sets described above. Z-stacks of the L. tarentolae mitochondrion were in good agreement with previous morphology models based on IM and rhodamine 123 staining [10] . Noteworthy, using the LSM780 microscope, the fluorophore was more labile, and the autofluorescence was lost within a few seconds even at low laser intensities in contrast to the experiments summarized in Figs. 1 and 2 . A subsequent comparison of different settings and microscopes revealed that the autofluorescence intensity and photobleaching kinetics highly depended on the light source. Brightest and relatively stable signals were obtained when a XBO (xenon) lamp was used ( Fig. 1 and 2 ). In contrast, HBO (mercury) lamps or laser (Fig. 3) resulted in rather rapid photobleaching. We therefore recommend the use of XBO lamps for future studies on mitochondrial autofluorescence. Under such conditions, the signal-to-noise ratio could be also suited for morphological or metabolic studies without additional labels.
Characterization of the fluorophore and comparison with mammalian cells
In order to obtain more information on the properties of the fluorophore, we compared the emission spectra of fixed whole cells, the cytosol, and the mitochondrion in situ (using the LSM780, an excitation at 458 nm, and a 458/561 nm beam splitter). The shapes of all spectra were quite similar, revealing two pronounced emission maxima around 538 nm and 608 nm (Fig. 4) . The fluorescence of mitochondria at 538 nm was twice as high as for the cytosol. Furthermore, the ratio of the fluorescence intensities at 538 and 608 nm was 1.5 times higher in the mitochondrial fraction than in the cytosol. Please note that these numbers are rather underestimates owing to photobleaching effects caused by the laser of the LSM780 (see above). In summary, a major fluorophore of L. tarentolae with an excitation at approx. 458 nm and an emission maximum at approx. 538 nm is distributed throughout the cell but is highly enriched in the mitochondrion.
In contrast to kinetoplastida, mitochondrial autofluorescence has previously been reported for diverse mammalian cell types [11] [12] [13] [14] [15] . Among the intracellular repertoire of molecules with delocalized p electrons, NADH, heme/cytochromes, and FAD/ flavoproteins are likely sources for the spectra in Fig. 4 (since mitochondria are enriched in these fluorophores owing to the respiratory chain as well as numerous catabolic flavoproteins). Accordingly, previous studies on mammalian cells suggested that NAD(P)H and flavoproteins are usually the most important cellular fluorophores in the visible spectrum [11] [12] [13] [14] , [16] [17] [18] . Their influence can often be distinguished based on their emission spectra: NAD(P)H has a maximum emission around 450 nm, whereas many flavin fluorophores, such as dihydrolipoamide dehydrogenase, have a maximum emission between 500 and 550 nm [14] , [16] [17] [18] [19] [20] . This area of the spectrum correlates well with the observed maximum at 538 nm in Fig. 4 . Thus, distinct flavoproteins are candidates for the major autofluorescence of the L. tarentolae mitochondrion. Among the flavoproteins, dihydrolipoamide dehydrogenase of the 2-oxo acid dehydrogenase complexes (e.g. fueling the citric acid cycle) and the electron transfer flavoprotein (required for b-oxidation) were estimated to account for approx. 75% of the mitochondrial flavoprotein fluorescence in isolated rat liver mitochondria [17] , [18] . The fluorescence of many other flavoproteins was suggested to be either quenched or of little relevance owing to lower physiological concentrations [17] , [18] . Dihydrolipoamide dehydrogenase therefore might also be a candidate for the mitochondrial autofluorescence of L. tarentolae, even though kinetoplastida do not necessarily require functional 2-oxo acid dehydrogenase complexes [21] . The causative fluorophore of the emission at approx. 608 nm is less obvious, but diverse cytochromes might have maxima around this wavelength. Of note, if the autofluorescence is linked to the mitochondrial electron transport chain, the detection method described here might be useful for the analysis of (potential) respiratory chain inhibitors. (Fig. 1A,B) were analyzed by laser scanning microscopy using a Zeiss LSM780 microscope and the software ZEN 2010. Z-stacks at Z increments of 0.41 mm are shown from left to right. A 458 nm laser served as a light source. doi:10.1371/journal.pone.0047641.g003 
Conclusions
We identified mitochondrial autofluorescence as an intrinsic property of L. tarentolae promastigotes and demonstrated its suitability for general applications in fluorescence microscopy. In addition, we determined the optimum instrumental settings and characterized the fluorophore properties. A significant mitochondrial autofluorescence has, to our knowledge, never been mentioned in previous studies on kinetoplastid parasites. This might be due to the rapid photobleaching caused by the commonly used HBO lamps. However, when analyzing the general literature on fluorescence microscopy with kinetoplastid parasites, we realized that negative controls of unlabeled cells were usually neither shown nor mentioned. Thus, false positive signals cannot be fully excluded, especially for low signal-to-noise ratios. We would therefore like to suggest the inclusion of negative controls for the standard presentation of fluorescently labeled kinetoplastid parasites, in particular, when microscopes with XBO lamps are used and/or mitochondrial structures are studied. Moreover, it is quite likely that a mitochondrial autofluorescence is not only restricted to the reported organisms, but can be found in most eukaryotes. Thus, the presented data might also have more general implications for fluorescence studies in eukaryotes.
